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OBJECTIVE: There is no strong evidence to guide therapeutic approach to multiple myeloma (MM) patients who experience first relapse. The treatment choice can be difficult since currently all patients are exposed to novel agents as thalidomide, bortezomib and lenalidomide.
METHODS: In this retrospective analysis, we evaluated the best therapeutic sequence, the role of retreatment, and the most beneficial cutoff of first remission in order to choose retreatment, analyzing 476 patients relapsed after first-line therapy.
RESULTS: Bortezomib-based regimens upfront followed by lenalidomide-based
regimens at first relapse resulted in significantly better second progression-free survival (2ndPFS), PFS2, and overall survival (OS) compared to the opposite sequence. Changing therapy resulted in significantly better 2ndPFS in the whole population, whereas PFS2 was significantly longer only in patients who underwent maintenance therapy. Moreover, until PFS1 was shorter than 27 months, changing therapy at first relapse significantly extended 2ndPFS and PFS2 compared to retreatment, whereas similar outcomes were observed between the two strategies, when PFS1 was longer than 27 months.
CONCLUSION: Lacking randomized trials, our study could help to choose the most appropriate therapy algorithm in patients with MM.




In the last few years, progression-free survival (PFS) and overall survival (OS) have significantly improved in patients with newly diagnosed Multiple Myeloma (MM) due to the availability of new effective drugs, such as thalidomide, bortezomib and lenalidomide, and the improved supportive care (Brenner et al, 2008; Kumar et al, 2008). Yet, the vast majority of MM patients eventually relapse. Outcome of relapsed-refractory MM has improved after the introduction of novel combinations such as lenalidomide-dexamethasone (Rd) (Dimopoulos et al, 2007; Weber et al, 2007), bortezomib-dexamethasone (VD) (Jagannath et al, 2004; Jagannath et al, 2006; Mikhael et al, 2008; Dimopoulos et al, 2015a) and bortezomib-doxorubicin (V-doxo) (Orlowski et al, 2007). However, there are no clear recommendations about the choice of salvage therapy and one randomized study conducted in the relapse setting demonstrated the superiority of the triplet bortezomib-thalidomide-dexamethasone (VTD) over the doublet thalidomide-dexamethasone (TD) (Garderet et al, 2012). Moreover, most of the patients enrolled in the registrational studies above (Richardson et al, 2005; Dimopoulos et al, 2007; Weber et al, 2007; Orlowski et al, 2007) had received old drugs upfront, while currently all patients are exposed to novel agents thalidomide, lenalidomide and bortezomib. Recently, phase II studies evaluating three-drug combinations containing bendamustine have reported interesting results, particularly in less advanced disease stages (Offidani et al, 2013; Ludwig et al, 2014; Rodon et al, 2015). However, whether two- or three-drug combinations should be preferred at relapse remains an open question.
The therapeutic approach to first relapse is of outstanding importance. Indeed. at this stage, therapy can still have a substantial impact on outcome. Nevertheless, the selection of therapy in this setting is mainly empirical. To date, the toxicity and the efficacy of upfront therapies are considered the key factors to decide whether to treat patients with the same drug used at diagnosis or to change class of drug. To better evaluate the impact of first- and second-line therapies on outcome, the European Medicines Agency (European Medicines Agency, 2012) recommended to include PFS2, defined as the time from random assignment until the second disease progression or death, as endpoint in clinical trials. Since it is unlikely that randomized clinical trials will be performed to establish the best strategy in first relapse, a thorough analysis of  recent salvage therapies used in clinical practice in patients previously exposed to new drugs will provide a valid guide to physicians.







Patients with MM enrolled in two phase III prospective trials bortezomib-melphalan-prednisone-thalidomide followed by bortezomib-thalidomide (VMPT-VT) vs. bortezomib-melphalan-prednisone (VMP) (NCT01063179); and melphalan-prednisone-lenalidomide (MPR) vs. high-dose melphalan (Mel-200) and transplantation (NCT00551928) relapsed after first-line therapy and who underwent first salvage therapy were analyzed.

Study design
This is a retrospective study. Data about salvage therapies at first relapse for patients enrolled in the VMPT-VT vs. VMP and in the MPR vs. Mel-200 studies were collected. The aims were to describe and compare salvage therapies at first relapse, to analyze the best sequence of first/second-line therapy, to assess re-challenge with previous therapy vs. change of treatment, and to evaluate two- vs. three-drug approaches in terms of second PFS, PFS2 and OS.

Definitions
Second PFS (2ndPFS) was defined as the time from start of first salvage therapy to confirmed progressive disease (PD) or death from any cause.
PSF2 was defined as the time from start of first line therapy to confirmed PD or death from any cause after second-line therapy.
OS was defined as the time from diagnosis to death from any cause and post-relapse OS was defined as the time from start of second-line therapy to death from any cause. 

Statistical analysis
Continuous and categorical data were summarized using descriptive statistics. Comparison between groups was performed by Chi-square test for contingency table for categorical variables and by Mann-Whitney test for continuous variables. The Kaplan-Meier product limit method was used to estimate survivorship functions for time-to-event endpoints (2ndPFS, PFS2 and OS). Log-rank test was used to compare outcomes between the two treatment groups. Per i due gruppi si intende “the two sequences of first/second-line therapy, namely lenalidomide upfront/bortezomib at first-relapse (L-B group) vs bortezomib upfront/lenalidomide at first-relapse (B-L group)”, giusto? Se sì, si potrebbe modificare come messo tra virgolette per evitare equivoci








We analyzed 476 patients who relapsed after first-line therapy and underwent salvage therapies including bortezomib (n = 136), lenalidomide (n = 142), thalidomide (n = 36), chemotherapy (n = 63), autologous stem-cell transplant (ASCT) (n = 92) and allogeneic transplant (n = 7). After a median follow-up of 51 months (range 0.7-81.5), median 2ndPFS, PFS2 and OS were 14 (95%CI = 11.8-16.1), 39.8 (95%CI = 36.8-42.9) and 71 (95%CI = 57-NR) months, respectively.

Subgroup analysis according to salvage therapies
Of 257 patients not eligible for transplantation, 15% received bortezomib (2ndPFS = 8.8 months), 50% lenalidomide (2ndPFS = 16.6 months), 12% thalidomide (2ndPFS = 8.6 months), and 21% chemotherapy (2ndPFS = 6.6 months) as salvage therapy at first relapse.




Subgroup analysis according to sequence of therapy
Fifty-six patients received lenalidomide-based induction followed by ASCT as frontline therapy and bortezomib-based regimen at first relapse (L-B group) whereas 130 patients received the opposite sequence, i.e. bortezomib-based front-line therapy followed by lenalidomide-based regimen at first relapse (B-L group). Patients who underwent ASCT as salvage therapy were excluded from the analysis. The two groups of patients were matched for the main characteristics as shown in the Table I.
The median 2ndPFS was 7.2 months in the L-B group vs. 16.6 months in the B-L group (p<0.0001) whereas the respective median PFS2 was 36.6 months vs. 51.7 months (p<0.0001) (Fig. 1A). The median OS was 45 months in the L-B group and 62.3 months in B-L group, with a 5-year OS of 50% vs. 65% (p=0.015) (Fig. 1B).

Subgroup analysis according to re-challenge vs. change of therapy
Out of 476 patients, 311 could be included in the analysis of re-challenge with previous therapy (group R) vs. change of therapy (group C), and patients received bortezomib- or lenalidomide-based treatment without transplantation at first relapse. Group R included 52 patients (17%) (37 patients received bortezomib-based and 15 lenalidomide-based treatments) whereas group C included 259 patients (83%) (162 patients treated with lenalidomide-based and 97 with bortezomib-based regimens). The 2 groups of patients were comparable for the main prognostic factors (Table II) and for follow-up (median: 57.3 vs 56.2 months). Group R received salvage therapy at a median time of 30.4 months from diagnosis/start of first-line treatment..?(4.2-64.4 months; <12 months = 4 patients; 12-24 months = 12 patients; > 24 months = 36 patients) while group C after a median time of 25.1 months (1.2-63.9 months; p = 0.001). In the whole population, the median 2ndPFS and PFS2 were 23.1 and 39.0 months, respectively. The median 2ndPFS was 8.8 months in group R compared with 12.7 months in group C (p=0.038) (Fig 2 A). The median PFS2 was 39.9 months in group R compared with 38.8 months in group C (p = 0.584) (Fig. 2 B). By considering the duration of PFS1 (≤ 27 months and > 27 months), in patients with PFS1 up to 27 months (xx patients in group C and yy patients in group R), 2ndPFS (10.2 months vs. 5.3 months; p=0.006) and PFS2 (29 vs. 24 months, p=0.080) were significantly longer for patients in group C compared with patients in group R . Among patients with PFS1 longer than 27 months (95 patients in group C and 31 patients in group R), 2ndPFS (16.6 months vs 16.3 months, p=0.614) and PFS2 (38.6 months vs 39.8 months; p = 0.584) were similar between the two therapeutic options (Fig. 3 A, B, C, D).

Subgroup analysis according to two- vs. three-drug combinations
One hundred and sixty-nine patients received two-drug combinations (TD: n = 17, Rd: n = 90, VD: n = 51LA SOMMA è 158 NON 169; è CORRETTO?), whereas 67 patients were treated with three-drug combinations (T-based: n = 7, L-based: n = 9, V-based: n = 51) as first salvage therapy without transplantation. The two groups of patients were comparable for the main prognostic factors except for age, since a higher proportion of older patients received two-drug combinations (Table III).






Although many newer second-generation anti-myeloma agents have been evaluated for relapsed-refractory MM, in many European countries, nowadays, only thalidomide-, lenalidomide- and bortezomib-based therapies are available for clinical use in first relapse (Laubach et al, 2016). No treatment can be currently considered standard of care in relapsed MM and the choice of appropriate therapy is based on several factors, particularly outcome and toxicity of first-line treatment. When a patients relapses, the very first step is to decide whether re-treatment with the same agents, and in which combination, can be a valid therapeutic option.
Our study showed that, in first relapse, physicians prefer to change the class of new drugs. Indeed, less than 20% of patients received the same compound administered upfront. Moreover, although guidelines suggest using re-treatment with previous agents when remission duration is longer than 6 months, this strategy is mainly adopted with remission lasting more than 24 months. Changing therapy seems to be the preferable strategy as it significantly prolonged 2ndPFS and PFS2 in patients with PFS1 duration up to 27 months, whereas in patients with PFS1 longer than 27 months  the two strategies (re-challenge with previous agents or changing therapy) were equivalent. Although confirmation from randomized studies is needed, our results support the concept that, in first relapse, re-challenge with previous agents is a sensible choice when PFS1 is longer than expected, and not based on a priori established PFS1 duration. Moreover, sequential strategies with new drugs used in the earlier phases of the disease showed to be more effective, because drug resistance is unlikely to emerge in these stages. Some studies evaluated re-treatment with bortezomib or lenalidomide in relapsed/refractory MM. The prospective phase 2 RETRIEVE study  (Petrucci et al, 2013) demonstrated the efficacy of re-challenging with bortezomib ( dexamethasone) in patients who had previously responded to, and relapsed ≥ 6 months after, prior bortezomib therapy. The median time from prior bortezomib was 13.9 months and the median TTP was not affected by the number of prior lines of therapy (8.4 months in patients who had received one prior therapy). Similar results were reported in a meta-analysis in relapsed and not refractory patients, where re-treatment with bortezomib induced a median TTP of 8.5 months (Knop et al, 2014). Our results are comparable to those reported in the previous studies (median 2PFS: 8.8 months). Re-challenge with lenalidomide is a possible option as well, as shown by a post-hoc analysis of relapsed patients enrolled in the MM-015 trial (Dimopoulos et al, 2015b).
Recent biological studies (Egan et al, 2012; Walker et al, 2012; Bianchi et al, 2014) on MM demonstrated a complex clonal heterogeneity at diagnosis and an unpredictable clonal evolution at relapse due to clonal competition in the marrow niche that may be strongly affected by prior therapies. Because of this unpredictable complexity, the choice of therapy at relapse is quite empirical. By definition, empirical therapy should be a broad-spectrum therapy and this consideration suggests that triplets may work better than doublets. Only one randomized study compared two-drug (TD) vs three-drug regimens (VTD) in first relapse (Garderet et al, 2012) and it demonstrated a significantly longer PFS in patients treated with triplet combination. However, 80% of patients enrolled in that study had never received new drugs and the remaining 20% had received thalidomide. Therefore, such results are poorly informative in clinical practice, since nowadays all patients are exposed to bortezomib- or lenalidomide-based therapies. Our results showed that PFS was similar between two- or three-drug combinations. However, Rd was superior to VD and also to three-drug combinations. This suggests that changing drug at first relapse can be more effective than increasing the number of agents and also leads to better results compared with re-treating with previous agents. Nevertheless, adding a third agent such as bendamustine (Offidani et al, 2013; Ludwig et al, 2014; Rodon et al, 2015), panobinostat (Richardson et al, 2013; San-Miguel et al, 2014) or pomalidomide (Richardson et al, 2014) to VD seems to partially overcome the resistance to previous treatment with bortezomib.
Carfilzomib in combination with dexamethasone is approved in the Unites States and other countries for the treatment of relapsed/refractory MM. In the phase 3 ENDEAVOR study, carfilzomib-dexamethasone significantly improved PFS compared to VD (18.7 vs 9.4 months; HR = 0.53; p<0.0001) in patients with relapsed but not refractory MM (Dimopoulos et al, 2016). A recent subgroup analysis showed a median PFS of 22.2 months in patients who had received one prior therapy compared to 14.9 months in those with  2 prior lines and a PFS benefit with carfilzomib regardless of prior therapy (Moreau  et al, 2015a). In a “real word” setting in which patients had received a median of 3 prior lines of therapy and nearly all patients had been exposed to bortezomib and lenalidomide and 66% were refractory to both agents, carfilzomib as part of two- or three-drug combinations (dexamethasone   cyclophosphamide) induced a median PFS and OS of 4.9 and 12.2 months, respectively (Muchtar et al, 2015). Moreover, resistance to bortezomib and lenalidomide was found to be a negative predictor of response (Muchtar et al, 2015), suggesting that novel second-in-class myeloma agents such as carfilzomib may not lead to excellent results when used in later lines. Triplet combinations including two novel agents such as carfilzomib, pomalidomide and dexamethasone (CPD) (Shah et al, 2015) could be able to overcome resistance to proteasome inhibitors and IMiDs.
Carfilzomib and ixazomib, the first oral proteasome inhibitor to be evaluated in MM, combined with lenalidomide and dexamethasone led to a significant improvement in PFS if compared with Rd. This benefit was observed also in patients previously exposed to bortezomib and lenalidomide (Stewart et al, 2015; Moreau et al, 2015b). Similar findings were reported with the addition of elotuzumab to Rd. Elotuzumab was the first monoclonal antibody showing a PFS benefit in relapsed/refractory MM (Dimopoulos et al, 2015c).
The first two lines of therapy are considered of paramount importance for final outcome of MM since generally, at this stage, the disease is still sensitive to therapy, leading to longer remission duration. Nonetheless, the sequence of therapy could significantly affect PFS2, which considers the outcome of first- and second-line therapy. Our study demonstrated that bortezomib-based therapies in first-line followed by lenalidomide-based therapies in second-line significantly prolonged PFS2 and OS compared with the opposite sequence. This finding applies to either elderly or younger patients who underwent transplant upfront. In light of the last biological discoveries about clonal evolution in MM, it seems that B-L sequence is able to better control emergence of resistant clones compared with the L-B one.





Bianchi, G., Ghobrial, I.M. (2014) Biological and clinical implications of clonal heterogeneity and clonal evolution in multiple myeloma. (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​25705146​) (2014) Current Cancer Therapy Review, 10, 70-79.
Brenner, H., Gondos, A., Pulte, D. (2008) Recent major improvement in long-term survival of younger patients with multiple myeloma. Blood, 111, 2521-2526.
Dimopoulos, M., Spencer, A., Attal, M., Prince, H.M., Harousseau, J.L., Dmoszynska, A., San Miguel, J., Hellmann, A., Facon, T., Foà, R., Corso, A., Masliak, Z., Olesnyckyj, M., Yu, Z., Patin, J., Zeldis, J.B., Knight, R.D.; Multiple Myeloma (010) Study Investigators. (2007) Lenalidomide plus dexamethasone for relapsed or refractory multiple myeloma. New England Journal of Medicine, 357, 2123-2132.
Dimopoulos, M.A., Orlowski, R.Z., Facon, T., Sonneveld, P., Anderson, K.C., Beksac, M., Benboubker, L., Roddie, H., Potamianou, A., Couturier, C., Feng, H., Ataman, O., van de Velde, H., Richardson, P.G. (2015a) Retrospective matched-pairs analysis of bortezomib plus dexamethasone versus bortezomib monotherapy in relapsed multiple myeloma. Haematologica, 100, 100-106.
Dimopoulos, M.A., Petrucci, M.T., Foà, R., Catalano, J., Kropff, M., Terpos,  E., Zhang, J., Grote, L., Jacques, C., Palumbo, A.; MM-015 Investigators. (2015b) Impact of maintenance therapy on subsequent treatment in patients with newly diagnosed multiple myeloma: use of "progression-free survival 2" as a clinical trial end-point. (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​25840600​) Haematologica, 100, e328-e330.
Dimopoulos, M.A., Lonial, S., White, D., Moreau, P., Palumbo, A., San Miguel, J., Shpilberg, O., Anderson, K.C., Grosicki, S., Spicka, I., Walter-Croneck, A., Magen-Nativ, H., Mateos, M-V., Belch, A., Reece, D., Beksac, M., Bleickhardt, E., Poulart, V., Katz, J., Singhal, A.K., Richardson, P.G. (2015c) Eloquent-2 update: A phase 3, randomized, open-label study of  elotuzumab in combination with lenalidomide/dexamethasone in patients with relapsed/refractory multiple myeloma - 3-year safety and efficacy follow-up. ASH Annual Meeting Abstracts; abstract 28.
Dimopoulos, M.A., Moreau, P., Palumbo, A., Joshua, D., Pour, L., Hájek, R., Facon, T., Ludwig, H., Oriol, A., Goldschmidt, H., Rosiñol, L., Straub, J., Suvorov, A., Araujo, C., Rimashevskaya, E., Pika, T., Gaidano, G., Weisel, K., Goranova-Marinova, V., Schwarer, A., Minuk, L., Masszi, T., Karamanesht, I., Offidani, M., Hungria, V., Spencer, A., Orlowski, R.Z., Gillenwater, H.H., Mohamed, N., Feng, S., Chng, W.J; ENDEAVOR investigators. (2016) Carfilzomib and dexamethasone versus bortezomib and dexamethasone for patients with relapsed or refractory multiple myeloma (ENDEAVOR): a randomised, phase 3, open-label, multicentre study. (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​26671818​) Lancet Oncology, 17, 27-38. 
Egan, J.B (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Egan%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Shi, C.X (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Shi%20CX%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Tembe, W (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Tembe%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Christoforides, A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Christoforides%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Kurdoglu, A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Kurdoglu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Sinari, S (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Sinari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Middha, S (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Middha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Asmann, Y (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Asmann%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Schmidt, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Schmidt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Braggio, E (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Braggio%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Keats, J.J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Keats%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Fonseca, R (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Fonseca%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Bergsagel, P.L (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Bergsagel%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Craig, D.W (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Craig%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Carpten, J.D (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Carpten%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​)., Stewart, A.K (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Stewart%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22529291​). Whole-genome sequencing of multiple myeloma from diagnosis to plasma cell leukemia reveals genomic initiating events, evolution, and clonal tides. (2012) Blood, (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​22529291" \l "#" \o "Blood.​) 120, 1060-1066.
European Medicines Agency: Appendix 1 to the guideline on the evaluation of anticancer medicinal products in man. (2012) Available at: http://www.ema.europa.eu (​http:​/​​/​www.ema.europa.eu​)
Garderet, L., Iacobelli, S., Moreau, P., Dib, M., Lafon, I., Niederwieser, D., Masszi, T., Fontan, J., Michallet, M., Gratwohl, A., Milone, G., Doyen, C., Pegourie, B., Hajek, R., Casassus, P., Kolb, B., Chaleteix, C., Hertenstein, B., Onida, F., Ludwig, H., Ketterer, N., Koenecke, C., van Os, M., Mohty, M., Cakana, A., Gorin, N.C., de Witte, T., Harousseau, J.L., Morris, C., Gahrton, G. (2012) Superiority of triple combination of bortezomib-thalidomide-dexamethasone over the dual combination of thalidomide-dexamethasone in patients with a multiple myeloma progressing or relapsing after autologous transplantation: the MMVAR/IFM 2005-04 randomized phase III trial from the Chronic Leukemia Working Party of the European Group for Blood and Marrow Transplantation. Journal of Clinical Oncology,  30,  2475-2482.
Jagannath, S., Barlogie, B., Berenson, J., Siegel, D., Irwin, D., Richardson, P.G., Niesvizky, R., Alexanian, R., Limentani, S.A., Alsina, M., Adams, J., Kauffman, M., Esseltine, D.L., Schenkein, D.P., Anderson, K.C. (2004) A phase 2 study of two doses of bortezomib in relapsed or refractory myeloma. British Journal of  Haematology, 127, 165-172.
Jagannath, S (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Jagannath%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Richardson, P.G (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Richardson%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Barlogie, B (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Barlogie%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Berenson, J.R (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Berenson%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Singhal, S (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Singhal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Irwin, D (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Irwin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Srkalovic, G (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Srkalovic%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Schenkein, D.P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Schenkein%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Esseltine, D.L (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Esseltine%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​)., Anderson, K.C (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Anderson%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=16818280​).; SUMMIT/CREST Investigators (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=SUMMIT%2FCREST%20Investigators%5BCorporate%20Author%5D​). (2006) Bortezomib in combination with dexamethasone for the treatment of patients with relapsed and/or refractory multiple myeloma with less than optimal response to bortezomib. Haematologica,  91, 929-934.
Knop, K.B., Duh, M.S., Lafeuille, M.H., Gravel, J., Lefebvre, P., Niculescu, L., Ba-Mancini, A., Ma, E., Shi, H., Comenzo, R.L. (2014) Meta-analysis of the efficacy and safety of bortezomib re-treatment in patients with multiple myeloma. Clinical Lymphoma Myeloma and Leukemia, 14, 380-388.
Kumar, S.K., Rajkumar, S.V., Dispenzieri, A., Lacy, M.Q., Hayman, S. R., Buadi, F. K., Zeldenrust, S. R., Dingli, D., Russell, S. J., Lust, J. A., Greipp, F. R., Kyle, R. A.,Gert, M. A. (2008) Improved survival in multiple myeloma and the impact of novel therapies. Blood, 111, 2516-2520.
See comment in PubMed Commons belowLaubach, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Laubach%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Garderet, L (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Garderet%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Mahindra, A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Mahindra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Gahrton, G (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Gahrton%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Caers, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Caers%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Sezer, O (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Sezer%20O%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Voorhees, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Voorhees%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Leleu, X (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Leleu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Johnsen, H.E (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Johnsen%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Streetly, M (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Streetly%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Ludwig, H (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Ludwig%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Mellqvist , U.H (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Mellqvist%20UH%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Chng, W.J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Chng%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Pilarski, L (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Pilarski%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Einsele, H (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Einsele%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Hou, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Hou%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Turesson, I (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Turesson%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Zamagni, E (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Zamagni%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Chim, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Chim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Mazumder, A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Mazumder%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Westin, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Westin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Lu, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Lu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Reiman, T (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Reiman%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Kristinsson, S (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Kristinsson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Joshua, D (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Joshua%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Roussel, M (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Roussel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., O'Gorman, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=O'Gorman%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Terpos, E (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Terpos%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Dimopoulos, M (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Dimopoulos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Moreau, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Moreau%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Anderson, K (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Anderson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Palumbo, A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Palumbo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Kumar, S (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Rajkumar, V (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Rajkumar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Durie, B (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Durie%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​)., Richardson, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Richardson%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26710887​). (2016) Management of relapsed multiple myeloma: Recommendations of the international myeloma working group. Leukemia, (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​26710887" \l "#" \o "Leukemia.​) doi: 10.1038/leu.2015.356. [Epub ahead of print]
Ludwig, H., Kasparu, H., Leitgeb, C., Rauch, E., Linkesch, W., Zojer, N., Greil, R., Seebacher, A., Pour, L., Weißmann, A., Adam, Z. (2014) Bendamustine-bortezomib-dexamethasone is an active and well tolerated regimen in patients with relapsed or refractory multiple myeloma. Blood, 123,  985-991.
Mikhael, J.R., Belch, A.R., Prince, H.M., Lucio, M.N., Maiolino, A., Corso, A., Petrucci, M.T., Musto, P., Komarnicki, M., Stewart, A.K. (2008) High response rate to bortezomib with or without dexamethasone in patients with relapsed or refractory multiple myeloma: results of a global phase 3b expanded access program. British Journal of  Haematology, 144, 169-175.
Moreau, P., Joshua, D., Chng, W-J., Palumbo, A., Goldschmidt, H., Hajek, R., Facon, T., Ludwig, H., Pour, L., Niesvizky, R., Oriol, A., Rosinol, L., Suvorov, A., Gaidano, G., Pika, T., Weisel, K., Goranova-Marinova, V., Gillenwater, H.H., Mohamed, N., Feng, S., Dimopoulos, M. (2015a) Impact of prior treatment of patients with relapsed multiple myeloma treated with carfilzomib and dexamethasone vs bortezomib and dexamethasone in a subgroup analysis of the phse 3 ENDEAVOR Study. ASH Annual Meeting Abstracts; abstract 729.
Moreau,  P., Masszi, T., Grzasko, N., Bahlis, J.N., Hansson, M.,  Pour, L.,  Sandhu, I., Ganly, P., Baker, B.W., Jackson, S., Stoppa, A-M., Simpson, D.R., Gimsing, P., Palumbo, A., Garderet, L., Cavo, M., Kumar, S.K., Touzeau, C.,  Buadi, F., Laubach, J.P., Lin, J., Berg, D., RN, DiBacco, A., Hui, A-M., M, Richardson, P.G. (2015b) Ixazomib, an Investigational oral proteasome inhibitor (PI), in combination with lenalidomide and dexamethasone (IRd), significantly extends progression-free survival (PFS) for patients (Pts) with relapsed and/or refractory multiple myeloma (RRMM): the phase 3 Tourmaline-MM1 Study (NCT01564537). ASH Annual Meeting Abstracts; abstract 727.
Muchtar, E., Gatt ME, Rouvio O, Ganzel C, Chubar E, Suriu C, Tadmor T, Shevetz O, Lavi N, Shochat T, Cohen YC, Avivi I, Raanani P, Magen H. (2015) Efficacy and safety of salvage therapy using carfilzomib for relapsed or refractory multiple myeloma patients: a multicentre retrospective observational study. British Journal of Haematology, Nov 16. doi: 10.1111/bjh.13799. [Epub ahead of print].
Offidani, M., Corvatta, L., Maracci, L., Liberati, A.M., Ballanti, S., Attolico, I., Caraffa, P., Alesiani, F., Caravita di Toritto, T., Gentili, S., Tosi, P., Brunori, M., Derudas, D., Ledda, A., Gozzetti, A., Cellini, C., Malerba, L., Mele, A., Andriani, A., Galimberti, S., Mondello, P., Pulini, S., Coppetelli, U., Fraticelli, P., Olivieri, A., Leoni, P. (2013) Efficacy and tolerability of bendamustine, bortezomib and dexamethasone in patients with relapsed-refractory multiple myeloma: a phase II study. Blood Cancer Journal, 3, e162.
Orlowski, R.Z., Nagler, A., Sonneveld, P., Bladé, J., Hajek, R., Spencer, A., San Miguel, J., Robak, T., Dmoszynska, A., Horvath, N., Spicka, I., Sutherland, H.J., Suvorov, A.N., Zhuang, S.H., Parekh, T., Xiu, L., Yuan, Z., Rackoff, W., Harousseau, J.L. (2007) Randomized phase III trial of pegylated liposomal doxorubicin plus bortezomib compared with bortezomib alone in relapsed or refractory multiple myeloma: combination therapy improves time to progression. Journal of Clinical Oncology,  25,  3892-3901.
Petrucci, M.T., Giraldo, P., Corradini, P., Teixeira, A., Dimopoulos, M.A., Blau, I.W., Drach, J., Angermund, R., Allietta, N., Broer, E., Mitchell, V., Bladé, J. (2013) A prospective, international phase 2 study of bortezomib retreatment in patients with relapsed multiple myeloma. British Journal of  Haematology, 160, 649-659.
Richardson, P.G., Sonneveld, P., Schuster, M.W., Irwin, D., Stadtmauer, E.A., Facon, T., Harousseau, J.L., Ben-Yehuda, D., Lonial, S., Goldschmidt, H., Reece, D., San-Miguel, J.F., Bladé, J., Boccadoro, M., Cavenagh J, Dalton, W.S., Boral, A.L., Esseltine, D.L., Porter, J.B., Schenkein, D., Anderson, K.C; Assessment of Proteasome Inhibition for Extending Remissions (APEX) Investigators (2005) Bortezomib or high-dose dexamethasone for relapsed multiple myeloma. New England Journal of Medicine, 352, 2487-2498.
Richardson, P.G., Schlossman, R.L., Alsina, M., Weber, D.M., Coutre, S.E., Gasparetto, C., Mukhopadhyay, S., Ondovik, M.S., Khan, M., Paley, C.S., Lonial, S. (2013) PANORAMA 2: panobinostat in combination with bortezomib and dexamethasone in patients with relapsed and  bortezomib-refractory myeloma. Blood, 122, 2331-2337.
Richardson, P.G., Hofmeister, C., Raje, N.S., DiCapua Siegel, D.S., Lonial,  S., Laubach, J., Adeduni Efebera, Y., Vesole, D.H., Nooka, A.K., Rosenblatt, J.,  Zaki, M.H., Hua, Y., Li, Y., Shah, S., Wang, J., Anderson, K.C. (2014) MM-005 : phase 1 trial of pomalidomide, bortezomib, and low-dose dexamethasone (PVD) in lenalidomide-refractory and proteasome inhibitor PI-exposed myeloma. Journal of Clinical Oncology, 32 (suppl.): abstract 8589.
Rodon, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Rodon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Hulin, C (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Hulin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Pegourie, B (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Pegourie%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Tiab, M (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Tiab%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Anglaret, B (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Anglaret%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Benboubker, L (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Benboubker%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Jardel, H (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Jardel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Decaux, O (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Decaux%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Kolb, B (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Kolb%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Roussel, M (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Roussel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Garderet,  L (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Garderet%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Leleu, X (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Leleu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Fitoussi, O (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Fitoussi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Chaleteix, C (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Chaleteix%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Casassus, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Casassus%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Lenain, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Lenain%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Royer, B (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Royer%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Banos, A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Banos%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Benramdane, R (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Benramdane%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Cony-Makhoul, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Cony-Makhoul%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Dib, M (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Dib%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Fontan, J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Fontan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​). , Stoppa, A.M (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Stoppa%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Traullé, C (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Traull%C3%A9%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Vilque, JP (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Vilque%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Pétillon, MO (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=P%C3%A9tillon%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Mathiot, C (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Mathiot%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Dejoie, T (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Dejoie%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Avet-Loiseau ,H (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Avet-Loiseau%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​)., Moreau, P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Moreau%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25398832​). (2015) Phase II study of bendamustine, bortezomib and dexamethasone as second-line treatment for elderly patients with multiple myeloma: the Intergroupe Francophone du Myelome 2009-01 trial, 100, e56-e59. 
San-Miguel, J.F., Hungria, V.T., Yoon, S.S., Beksac, M., Dimopoulos, M.A., Elghandour, A., Jedrzejczak, W.W., Günther, A., Nakorn, T.N., Siritanaratkul, N., Corradini, P., Chuncharunee, S., Lee, J.J., Schlossman, R.L., Shelekhova, T., Yong, K., Tan, D., Numbenjapon, T., Cavenagh, J.D., Hou, J., LeBlanc, R., Nahi, H., Qiu, L., Salwender, H., Pulini, S., Moreau, P., Warzocha, K., White, D., Bladé, J., Chen, W., de la Rubia, J., Gimsing, P., Lonial, S., Kaufman, J.L., Ocio, E.M., Veskovski, L., Sohn, S.K., Wang, M.C., Lee, J.H., Einsele, H., Sopala, M., Corrado, C., Bengoudifa, B.R., Binlich, F., Richardson, P.G. (2014) Panobinostat plus bortezomib and dexamethasone versus placebo plus bortezomib and dexamethasone in patients with relapsed or relapsed and refractory multiple myeloma: a multicentre, randomised, double-blind phase 3 trial. (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​25242045​) Lancet Oncology, 15, 1195-1206. 
Shah, J.J., Stadtmauer, E.A., Abonour, R., Cohen, A.D., Bensinger, W.I., Gasparetto, C., Kaufman, J.L., Lentzsch, S., Vogl, D.T., Gomes, C.L., Pascucci, N., Smith, D.D., Orlowski, R.Z., Durie, B.G. (2015) Carfilzomib, pomalidomide, and dexamethasone for relapsed or refractory myeloma. (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​26384354​) Blood. 12,  2284-2290. 
Stewart, A.K., Rajkumar, S.V., Dimopoulos, M.A., Masszi, T., Špička, I., Oriol, A., Hájek, R., Rosiñol, L., Siegel, D.S., Mihaylov, G.G., Goranova-Marinova, V., Rajnics, P., Suvorov, A., Niesvizky, R., Jakubowiak, A.J., San-Miguel, J.F., Ludwig, H., Wang, M., Maisnar, V., Minarik, J., Bensinger, W.I., Mateos, M.V., Ben-Yehuda, D., Kukreti, V., Zojwalla, N., Tonda, M.E., Yang, X., Xing, B., Moreau, P., Palumbo, A; ASPIRE Investigators. (2015) Carfilzomib, lenalidomide, and dexamethasone for relapsed multiple myeloma. (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​25482145​) New England Journal of Medicine, 372, 142-152.	

Walker, B.A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Walker%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Wardell, C.P (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Wardell%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Melchor, L (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Melchor%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Hulkki, S (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Hulkki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Potter, N.E (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Potter%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Johnson, D.C (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Johnson%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Fenwick, K (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Fenwick%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Kozarewa, I (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Kozarewa%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Gonzalez, D (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Gonzalez%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Lord, C.J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Lord%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Ashworth, A (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Ashworth%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Davies, F.E (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Davies%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​)., Morgan, G.J (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Morgan%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=22573403​). (2012) Intraclonal heterogeneity and distinct molecular mechanisms characterize the development of t(4;14) and t(11;14) myeloma. Blood, (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​22573403" \l "#" \o "Blood.​) 120, 1077-1086. 








































































































































L, Lenalidomide; B, Bortezomib
* defined by the presence of t(4;14) and/or del(17p)














Myeloma subtype IgA heavy chain, n (%)
International Staging System III, n (%)
High-risk cytogenetics*, n (%) 
Karnofsky score ≤ 70%, n (%) 
Renal failure, n (%) 
Extramedullary disease, n (%) 
Maintenance therapy, n (%) 
Follow-up, median (months)






















Table I  Main characteristics of patients according to the two sequences of therapy





Myeloma subtype IgA heavy chain, n (%)
Age (older than 65 years), n (%)
International Staging System III, n (%)
High-risk cytogenetics*, n (%) 
Renal failure, n (%) 
Extramedullary disease, n (%) 
Maintenance therapy, n (%) 
Follow-up, median (months)


































R, patients re-treated with the same agent used at induction; C, patients who changed therapy





Myeloma subtype IgA heavy chain, n (%)
Age (older than 65 years), n (%)
International Staging System III, n (%)
High-risk cytogenetics*, n (%) 
Renal failure, n (%) 
Extramedullary disease, n (%) 













































* defined by the presence of t(4;14) and/or del(17p)

Table III  Main characteristics of patients who received 2- or 3-drug combinations at first relapse



